In order to improve the noise and vibration characteristics of mechanical structures, it is well known that an identification of modal properties is important. Therefore, experimental modal analysis is widely operated for identifying modal properties represented by natural frequency, damping characteristics and mode shape from vibration test result. However, in the case that the damping characteristics is very small or large, it is difficult to identify the modal properties by the existing method. In the previous study, we proposed the identification method of natural frequency and damping characteristics for a lightly damped element. This method using simultaneous equations of the real and imaginary parts of frequency response function is the one degree of freedom method and can not be directly applied to a multi-degree-of-freedom system. In this study, we propose the identification method for a multi-degree of freedom system by using both simultaneous equations of the real and imaginary parts of frequency response function and mode separation method. First, it is explained that the theory of identification using simultaneous equations of the real and imaginary parts of frequency response function in one degree of freedom. Secondly, we investigate the identification accuracy and the analysis frequency range including the measurement error and non-targeted mode components. Finally, it is shown that identification result of modal parameters in multi-degree of freedom system using numerical analysis and its validity.
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Fig.1 FRF of the two degrees of freedom system for explanation of proporsal method. Target frequency range is between fa and fb. There is not a measurement error in this system. Number of measurement data in the target frequency range is L, each number of analytical range is l. Index p and p+1 are the modal orders. and evaluation of the error, respectively. As the number of iterative calculations increases, the analytical FRFs show good correlation with experimental one and evaluation of the error E are improved. shown in the table. We want to identify the modal properties that constitute the central peak that p-th modal order, however there are non-target mode components.
Relative error of natural frequency Relative error of structural damping (a) Using equation (6) Relative error of natural frequency Relative error of structural damping (b) Using equation (7) Fig.8 Relative errors of modal properties with/without the consideration of the residual mass S and residual stiffness Z. In the case with standard deviation equal to 0.02, the identification accuracy based on equation (7) that takes S and Z into consideration improves.
(a) Using equation (6) Number of iterative calculation i=24
Evaluation of the error E=3.47
(b) Using equation (7) Number of iterative calculation i=8
Relative errors [%]
(a) Using equation (6) (b) Using equation (7) Mode number (6) and (7) for identification of natural frequency and structural damping, respectively. The analysis frequency section is 40-50 Hz, the frequency resolution is 0.25Hz and the number of data is 41. The modal parameters could be identified well in both equation (6) and (7), however it was found that it is better to use equation . The analysis frequency section is 40-50 Hz, the frequency resolution is 0.25Hz and the number of data is 41.
Figs10(a), (b) and (c) are included in standard derivation equal to 0.00, 0,01, and 0.03. It was found that it is better in FRF with low noise for identification accuracy.
Number of iterative calculation i=4
Evaluation of the error E=3.89
Number of iterative calculation i=3
Evaluation of the error E=2.03 . It was found that it is better in FRF with low structural damping coefficient for identification accuracy. 
